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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Non-destructive 
Testing Sectional Committee had been approved by the Metallurgical Engineering Division Council. 

The standard describes the procedure for evaluating the overall performance of thickness gauge, which are based 
on the principle of ultrasonics. Instrument characteristics measured in accordance with this practice are those 
that have potential usefulness for highest reliability. 

This standard was formulated on the basis of work done in the field of thickness gauges used for the measuring 
thickness using ultrasonic method at National Physical Laboratory ( NPL ). 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values ( revised)'. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this standard. 



IS 15468 : 2004 



Indian Standard 

PERFORMANCE EVALUATION OF ULTRASONIC 

THICKNESS GAUGES 



1 SCOPE 

1.1 This standard deals in with the procedures of 
evaluating various parameters of ultrasonic 
thickness gauges that have direct bearing on their 
performance. 

1.2 This standard is applicable to all such instruments 
which are meant solely for the measurement of thickness 
using principle of ultrasonics. 

1.3 This standard does not cover ultrasonic flaw 
detectors which can also be used to measure 
the thickness. Such instruments are covered by 
IS 12666 : 1990 'Methods for performance assessment 
of ultrasonic flaw detection equipment'. 

2 REFERENCES 

The following standard contains provision which 
through reference in this text, constitutes provision 
of this standard. At the time of publication, the edition 
indicated was valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent edition of the standard 
indicated below: 

IS No. Title 

15435 : 2003 Recommended practice for 

measuring thickness using ultrasonic 
method 

3 PRINCIPLE OF MEASUREMENT 

In ultrasonic thickness gauges, the thickness of a 
sample is evaluated using ultrasonic pulse echo 
method as a product of ultrasonic velocity in the 
sample and the time of travel of the ultrasonic waves. 
The gauge evaluates the time of flight basically and 
then multiplies it with some value of velocity. A timer 
or flip-flop circuit measures the time interval between 
the pulse that triggers the circuit on and the pulse 
that puts the circuit off. 

The ultrasonic wave propagation in materials is a 
complex phenomenon. This depends upon the 
frequency, probe characteristics and the acoustic 
properties and thickness of the material of the sample. 
Since the exact beam characteristics in the sample are 
not known, it forces some errors to enter in. The 
inherent errors of ultrasonic gauges can be appreciably 



reduced by some adjustments both in the 
instrument as well as during calibration. The 
instrument is provided with automatic amplitude 
control that makes the heights of echoes equal 
even if these are coming from different thicknesses. 
This electronic correction is specially necessary in 
thick samples. The thin samples do not require this 
correction but pose the problem of non-linearity in 
the Vee path if twin probe is being used. 

4 PROBES 

A twin probe shall be used in thickness measurement 
between 1.5 mm and 20 mm. These probes pose a 
problem due to their different Vee path in thinner 
samples resulting into large non-linearity below 3 mm 
of steel. This requires the linearity correction, if 
twin probes are used for thin sections. 

Single probes have large dead zone or poor near 
surface resolution due to the continuous ringing 
of crystal and the finite saturation time of receiver. 
Such probes shall be used for measurement of 
samples with thickness above 20 mm. For samples 
with thickness below 1 .5 mm, single probe with delay 
lines shall be used. These probes shall be highly 
damped and will have nominal frequency of 1 MHz 
or more. 

The diameter of the probe chosen depends upon 
several factors. It would be better to have as small 
diameter as possible, say 1 mm, allow proper contact 
on curved surface. This will also result in smaller 
beam diameter which gives finer resolution in the 
measurement of variation in thickness. However, small 
diameter probes suffer from larger beam diffraction 
giving some times spurious echoes from lateral wall 
after the first back wall echo. If the lateral dimensions 
are not large enough, either high frequency has to 
be used or higher diameter has to be used. 

5 COUPLANT 

The couplant that allows the transfer of energy 
from transducer to sample and back can affect 
the measurement of thickness. The variation in 
thickness of couplant while scanning the sample and 
also the difference between couplant thickness on 
reference block and test sample shall be kept 
minimum. The use of delay line made of a material 
having smal! acoustic impedance, such as perspex, 
is recommended for thin sections. 
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6 REFERENCE BLOCKS 

Two reference blocks, one near the maximum range 
of interest and the other near the minimum of this 
range shall be taken. These blocks may be made 
of hard, non-corrosive material if thickness to be 
measured is between 3 mm and 20 mm. Below 3 mm, 
blocks made of material acoustically identical to test 
sample have to be taken if twin probe is used. Above 
20 mm, blocks made of material with nearly same 
attenuation as test sample are to be used. 

7 EVALUATION OF GAUGE PARAMETERS 

Two parameters, namely, the linearity and the 
repeatability, shall necessarily be evaluated for 
each ultrasonic thickness gauge. This evaluation 
shall be done every 3 months or after every 500 h 
whichever is less. For stringent applications, the 
evaluation shall be carried out by a national/accredited 
laboratory before the use and at least once in year. 

7.1 Setting up of Gauge 

For the adjustment of delay and range controls, 
the probe is first placed on the thicker of the two 
reference blocks. Any deviation in the thickness 
reading from the true value is offset by the adjustment 
of range ( material calibration) control. The probe is 
then placed on the thinner block and delay control is 
adjusted to get true thickness value. The steps are 
repeated several times till the instrument reads the 
correct thickness of both the blocks. 

7.2 Linearity 

For the evaluation of the non-linearity, the gauge 
shall be adjusted using the two reference blocks. 
The thickness should then be measured over at 
least five more blocks of intermediate thickness. The 
linearity shall be evaluated separately for all the ranges 
available in the gauge. 



If the range extends below 3 mm and a twin probe is 
used, linearity curve must be plotted. 

Non-linearity of more than 1 percent of the range shall 
not be acceptable. 

7.3 Repeatability 

The equipment should be decalibrated and recalibrated 
several times to obtain a set of measurements on same 
sample. 

Standard deviation of more than three times the display 
resolution shall not be acceptable. 

7.4 Temperature Effect 

The calibration of equipment and reference block 
must be preferably done at the same temperature at 
which the thickness of the test material is to be 
measured. If the temperature of test material is above 
200°C, a correction factor must be applied as per 
IS 15435. 

8 CALIBRATION OF REFERENCE BLOCKS 

The reference blocks shall be calibrated for following 
parameters: 

a) Time of travel of ultrasonic longitudinal 
waves between two parallel faces with an 
accuracy of ±3 ns for thickness less than 
20 mm and that of ±5 ns for thickness equal 
to or above 20 mm. 

b) Velocity of ultrasonic longitudinal waves 
with an accuracy of ±5 m/s for thickness less 
than 20 mm and that of ±1 m/s for thickness 
equal to or above 20 mm. 

c) Equivalent thickness for steel having 
ultrasonic longitudinal wave velocity of 
5 920 m/s. This has to be expressed with an 
accuracy not less than the display resolution. 
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